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ABSTRACT
We present a multi-wavelength study of the Planck cold clump G181.84+0.31, which
is located at the northern end of the extended filamentary structure S242. We have ex-
tracted 9 compact dense cores from the SCUBA-2 850 µm map, and we have identified
18 young stellar objects (YSOs, 4 Class I and 14 Class II) based on their Spitzer, Wide-
field Infrared Survey Explorer (WISE) and Two-Micron All-Sky Survey (2MASS) near-
and mid-infrared colours. The dense cores and YSOs are mainly distributed along the
filamentary structures of G181.84 and are well traced by HCO+(1-0) and N2H
+(1-0)
spectral-line emission. We find signatures of sequential star formation activities in
G181.84: dense cores and YSOs located in the northern and southern sub-structures
are younger than those in the central region. We also detect global velocity gradients
of about 0.8±0.05 km s−1pc−1 and 1.0±0.05 km s−1pc−1 along the northern and south-
ern sub-structures, respectively, and local velocity gradients of 1.2±0.1 km s−1pc−1 in
the central substructure. These results may be due to the fact that the global collapse
of the extended filamentary structure S242 is driven by an edge effect, for which the
filament edges collapse first and then further trigger star formation activities inward.
We identify three substructures in G181.84 and estimate their critical masses per unit
length, which are ∼ 101±15 M pc−1, 56±8 M pc−1 and 28±4 M pc−1, respectively.
These values are all lower than the observed values (∼ 200 M pc−1), suggesting that
these sub-structures are gravitationally unstable.
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1 INTRODUCTION
Recent dust continuum surveys, such as ATLASGAL
(Schuller et al. 2009), BGPS (Nordhaus et al. 2008) and
Herschel infrared Galactic Plane Survey (Molinari et al.
2010) have revealed that filamentary structures are ubiq-
uitous along the Galactic plane. Wang et al. (2015, 2016)
? E-mail: lxyuan@bao.ac.cn
† E-mail: mz@nao.cas.cn
have identified 56 large-scale, velocity-coherent, dense fila-
ments throughout the Galaxy, which is the first comprehen-
sive catalog of large filaments. Li et al. (2016) also identified
∼ 517 filamentary structures in the inner-Galaxy. These fil-
amentary structures are tightly correlated with the spiral
arms and have a broad range of lengths and a variety of
aspect ratios, widths and masses (Arzoumanian et al. 2019;
Hacar et al. 2018; Li et al. 2016). In addition, the studies
based on Herschel data, and other observations (e.g., near-
Infrared extinction), found that more than 70% of gravi-
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tationally bound dense cores and protostars are embedded
in filaments that are supercritical (Andre´ et al. 2013, 2014;
Schneider et al. 2012; Contreras et al. 2016; Li et al. 2016).
There is a general consensus that large-scale supersonic flows
compress the gas, driving the formation of filaments in the
cold interstellar medium, then the filaments gravitationally
fragment into pre-stellar cores and ultimately form proto-
stars (Andre´ et al. 2013; Andre´ 2017).
Pon et al. (2011, 2012) found that global collapse in fil-
amentary geometry (especially for those with aspect ratio
Ao & 5.0) tends to be influenced by an edge effect, such as
end-dominated collapse. Their ends are preferentially accel-
erated, and further locally collapse in density enhancement
to form stars. Johnstone et al. (2017) found a variation in
evolutionary ages between the two end-regions of IC 5146.
On the other hand, high-resolution observations with ALMA
also revealed that edge instabilities may also affect the sep-
aration of the condensations in the edge region of filaments
or pre-stellar cores (Kainulainen et al. 2017; Ohashi et al.
2018). Therefore, edge acceleration may play a role in the
formation of protostars in filaments.
S242 is an elongated filamentary structure (EFS) with
a length of ∼ 25 pc and a velocity ranging from -3 to 5
km s−1 (Dewangan et al. 2017). The two end-regions of this
filament contain most of the massive clumps and YSO clus-
ters. Such distribution is consistent with the prediction of
the end-dominated collapse scenario for star formation in
filamentary clouds (Dewangan et al. 2017). The southern
end of S242 is associated with an HII region, ionized by the
star BD+26 980 with a spectral type of B0V (Hunter &
Massey 1990). The temperatures near the ionized gases and
warm dusts can be up to ∼ 30 K. While the northern end
is coincident with the Planck Galactic Cold Clump (PGCC)
G181.84+0.31 (hereafter denoted as G181), having a column
density of ∼ 1022 cm−2 and relatively low dust temperatures
of 10 – 12 K. G181 is located at a kinematic distance of
1.76±0.04 kpc, which was estimated using the parallax-based
distance estimator for spiral arm sources (Reid et al. 2016).
In order to investigate the role of edge instabilities in
star formation in gas filaments, we have made detailed analy-
ses of the star formation activities and dense gas distribution
in the northern end of S242 (G181), this end is not influ-
enced by the circumambient environment. Furthermore, the
PGCCs typically have significant sub-structures and are of-
ten associated with cloud filaments (Rivera-Ingraham et al.
2016). Follow-up observations in molecular lines and dust
continuum emission have already resolved dense filaments
inside some PGCCs (Kim et al. 2017; Liu et al. 2018a,b;
Zhang et al. 2018). G181 was first detected by the Planck
Collaboration et al. (2011). We divided the G181 region into
three parts, as outlined by the cyan-dashed boxes of the up-
per left panel in Figure 1: Fa for the center sub-structure,
Fb and Fc for the northern and southern sub-structures, re-
spectively. Note that a FIR source, IRAS 05483+2728, is
embedded in the Fa sub-structure.
The paper is organized as follows: Section 2 presents
the observations and data reductions. Section 3 presents the
results. In Section 4, we discuss the relationship between
filaments and star formation. Sections 5 presents the con-
clusions of this study.
2 OBSERVATIONS AND DATA REDUCTION
2.1 Continuum emission
2.1.1 The SCUBA-2 observation
The 850 µm continuum observations of G181 were carried
out with the JCMT1 in September 2015. This source was
included in the “SCUBA-2 Continuum Observations of Pre-
protostellar Evolution” (SCOPE2) large project, which aims
to study the roles of filaments in dense core formation and
to investigate dust properties and detect rare populations of
dense clumps (Liu et al. 2018a, 2016a; Eden et al. 2019). The
observations were conducted using the CV Daisy mode. The
CV Daisy provided a deep 3′ (in diameter) region in the cen-
ter of the map, but covered out to beyond 12′ (Bintley et al.
2014). We took a mean Flux Conversion Factor (FCF) of 554
Jy pW−1 beam−1 to convert data from pW to Jy beam−1.
The beam size at 850 µm is ∼ 14 arcsec and the main-beam
efficiency is about 0.85. The observations were carried out
under grade 3/4 weather condition. The 225 GHz opacity
was between 0.1 – 0.15. The rms noise level of the map is ∼
6-10 mJy beam−1 in the central 3′ region, and increases to
10-30 mJy beam−1 out to 12′ area. This sensitivity is bet-
ter than the value of 50-70 mJy beam−1 in the ATLASGAL
survey (Contreras et al. 2013).
2.1.2 Herschel and WISE archive data
We also use the level 3.0 SPIRE maps and level 2.5 PACS
maps available in the Herschel Science Archive. The observa-
tions for SPIRE (250-500 µm band) and PACS (70, 160 µm
band) maps were carried out in parallel mode with fast scan-
ning speed (60′′/s). The FWHM beam sizes of the original
Herschel maps are approximately 9.2, 12.3, 17.6, 23.9, and
35.2 arcsec at 70, 160, 250, 350, and 500 µm, respectively.
The Wide-field Infrared Survey Explorer (WISE) sur-
veyed the entire sky in four mid-infrared bands (3.4, 4.6,
12 and 22 µm). The angular resolutions of WISE maps are
respectively 6.1, 6.4, 6.5, and 12.0 arcsec at correspond-
ing WISE bands. We retrieved the processed WISE images
and catalogue data via the NASA/IPAC Infrared Science
Archive (IRSA). The 5σ point source sensitivities in the
AllWISE catalog are respectively better than 0.08, 0.11, 1,
and 6 mJy in unconfused regions at the corresponding WISE
bands. The position precision for high signal-to-noise sources
are better than 0.15 arcsec (Wright et al. 2010).
2.2 Spectral-line emission
2.2.1 Observations with the Nobeyama 45-m telescope
We have carried out On-The-Fly (OTF) mapping observa-
tions for the G181 structures in the J=1-0 transition lines of
1 The JCMT telescope is the largest single-dish astronomical tele-
scope in the world with a diameter of 15-m designed specifically
to operate in the submillimeter wavelength. SCUBA-2 (Submil-
limeter Common-User Bolometer Array) is bolometer operating
simultaneously at 450 and 850 µm with an innovative 10000 pixel
bolometer camera (Holland et al. 2013).
2 https://www.eaobservatory.org/jcmt/science/large-
programs/%20scope/
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Figure 1. Left panel: The S242 molecular cloud is an elongated filamentary structure (length ∼ 25pc) (Dewangan et al. 2017). The red
circle, triangle, square respectively stand for the IRAS sources, HII region, submm sources, the black stars and white crosses represent
dark clouds and white reflection Nebula. All of them are retrieved from the SIMBAD Astronomical Database. The PGCC G181.84
region is outlined with dashed-cyan box. Upper right panel: SCUBA-2 850 µm continuum emission map for PGCC G181.84+0.31
with contour levels from 10% to 90% by step interval of 15% of the peak value (350 mJy/beam). Magenta ellipses denote the compact
sources extracted from 850 µm map. The orange circle in the right corner shows the SCUBA-2 effective beam size for SCUBA-2 at 850
µm. The cyan-dashed boxes labeled as Fa, Fb and Fc, represent three major emission sub-structures in G181. Lower right panel:
Three-colors map for G181, made using the SCUBA-2 850 µm in red, SPIRE 250 µm in green, PACS 70 µm in blue.
HCO+ and N2H
+ using the Nobeyama Radio Observatory
(NRO)3 45-m telescope in 2018 January. We used the four-
beam receiver (FOREST) with the Spectral SAM45 back-
end, which processes 16 IFs simultaneously. We used IF-A to
cover the HCO+(1-0) line with a spectral bandwidth of 125
MHz centering at the rest frequency of 89.19 GHz, and the
IF-B to cover the N2H
+(1-0) line with the same bandwidth
centering at the rest frequency of 93.17 GHz. The FWHM
beam sizes (θHPBW ) are ∼ 18.9±0.5 arcsec and 19.2±0.6 arc-
sec at 86 GHz in H and V polarizations, respectively. The
main beam efficiencies (ηmb) are 55±5% and 58±5% at 86
GHz in H and V polarizations, respectively. The OTF map-
ping was performed for three areas (300′′×220′′, 190′′×135′′,
240′′×110′′) covering the whole G181 region. An rms noise
level of ∼ 0.1 K (Tmb) was achieved by co-adding all the
observed maps. The telescope pointing was checked about
every 1.2 hrs, and the accuracy was within 3′′. The data was
3 Nobeyama Radio Observatory is a branch of the National As-
tronomical Observatory of Japan, National Institutes of Natural
Sciences
reduced using the software package NOSTAR4 of Nobeyama
Radio Observatory. By using a spheroidal function as a grid-
ing convolution function, we produced a data cube with a
grid spacing of 6′′ and a velocity resolution of 0.2 km s−1.
Furthermore, we have also performed single-point obser-
vations of the H13CO+(1-0) line toward the G01-G03 cores
with T70 receiver in position switching mode. The beam size
of the T70 receiver at this line frequency was 19′′ and ηmb
was 55%. The velocity resolution was 0.13 km s−1 and an
rms noise level of 0.03 K (Tmb) was achieved.
2.2.2 12CO(1-0), 13CO(1-0) spectral lines from PMO
The mapping data of G181 in 12CO(1-0) and 13CO(1-0)
were extracted from the CO line survey for the Planck Cold
clumps using the 13.7-m telescope of Purple Mountain Ob-
servatory (PMO) by Wu et al. (2012). The half-power beam
4 https://www.nro.nao.ac.jp/%7enro45mrt/html/obs/otf/export-
e.html
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Figure 2. Left panel: H2 column density map. Right panel: Dust temperature map. Both NH2 and Td are obtained from the SED
fitting based on the graybody radiation mode using Herschel (160-500 µm) and SCUBA-2 850 µm photometric data. The black contours
show the H2 column density with levels stepped from 0.1 to 0.9 by 0.1 multiplied the peak value of 4.0 × 1022 cm−2.
width at 115 GHz is 52′′ ± 3′′. The main beam efficiency is
about 50%. The typical system temperature (Tsys) is about
110 K and varies by ∼ 10% for each beam. The velocity res-
olution is 0.16 km s−1 for the 12CO(1-0) line and 0.17 km
s−1 for the 13CO(1-0) line. An rms noise level of 0.2 K in
T∗
A
for the 12CO(1-0), and 0.1 K for the 13CO(1-0) line was
achieved. The mapped region has a size of 22′ × 22′ center-
ing at the PGCC G181. The scanning speed was 20′′ s−1.
The noisy edges of the OTF maps were cropped, and only
the central 14′× 14′ regions were kept for further analyses.
The cube data were calibrated in GILDAS and gridded with
a spacing of 30′′ (Wu et al. 2012; Liu et al. 2012; Meng et al.
2013).
3 RESULTS
3.1 Pixel to Pixel spectral energy distribution
(SED) fitting
3.1.1 Convolution to a Common Resolution and
Foreground/Background Filtering
We use the multi-wavelength continuum maps to estimate
physical properties of G181. Firstly, the images of different
wavelength bands were cropped to the same size, and trans-
fered to the same unit for the value in every pixel. Then we
re-grided maps to let them align with each other pixel-by-
pixel with a common pixel size of 14′′ using the imregrid
algorithm of CASA5.
The maps were convolved with Gaussian Kernels to ob-
tain images with an angular resolution of 35.2 arcsec, which
matches the resolution of the un-convolved Herschel 500
µm map (whose angular resolution is the lowest). We used
the convolution package of Astropy (Astropy Collaboration
et al. 2013) with a Gaussian Kernel of√
35.22 − θ2
λ
(1)
5 https://casa.nrao.edu/docs/TaskRef/imregrid-task.html
where θλ is the FWHM beam size for the corresponding
Herschel or SCUBA-2 bands.
In order to reduce the atmospheric emission, the uni-
form astronomical signals in SCUBA-2 images beyond the
spatial scales of 200′′ have been filtered out. Following Yuan
et al. (2017), we iteratively filtered the Herschel images using
the CUPID-findback algorithm of the Starlink6 suite, which
was developed for the SCUBA-2 data reduction. Further de-
tails of the algorithm are available in the online document
for findback7.
3.1.2 SED Fitting
We used the smoothed and background-removed far-IR to
submillimeter band maps, including Herschel (160-500 µm)
data and SCUBA-2 850 µm data, to fit the intensity as a
function of wavelength for each pixel through the modified
blackbody model:
Iν = Bν(T)(1 − e−τν ), (2)
where the Planck function Bν(T) is modified by optical
depth:
τν = µH2mH κνNH2/Rgd . (3)
Here, µH2=2.8 is the mean molecular weight (Kauffmann
et al. 2008), mH is the mass of a hydrogen atom and
Rgd=100 is the gas to dust ratio, NH2 is the H2 column
density. The dust opacity κν can be expressed as a power
law in frequency,
κν = 3.33
(
ν
600GHz
)β
cm2g−1, (4)
κν (600 GHz) is the dust opacity, listed in Table 1 of Os-
senkopf & Henning (1994), but the value has been scaled
down a factor of 1.5 as suggested in Kauffmann et al. (2010).
6 http://starlink.eao.hawaii.edu/starlink/WelcomePage/
7 http://starlink.eao.hawaii.edu/starlink/findback.html/
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And we took the dust emissivity index β as 2.0, the standard
value for cold dust emission (Hildebrand 1983).
The fitting was performed using the algorithm in the
python package scipy.optimize8. For each pixel, only the
data with S/N > 3 were included to perform the fitting.
We considered flux uncertainties of the order of ∼ 15% in all
Herschel images, based on the work previously reported by
Launhardt et al. (2013).
The maps of H2 column density (NH2) and dust temper-
ature (Td) are presented in Figure 2. The NH2 values across
the filamentary structures are mainly around 1.0 × 1022 –
4.0 × 1022 cm−2 and the range of Td is from 8 to 16 K.
A single-temperature graybody model can fit the cold dust
emission well, but can not account for the 70 µm emission
as the 70 µm flux is mostly from the warm dust surround-
ing protostars. Therefore, we did not take the 70 µm data
into account for the SED fitting. It should be noted that
the dust temperatures could be underestimated, especially
for sub-structure Fa whose 70 µm dust emission is relatively
strong. Moreover, the dust opacity which is subject to a fac-
tor of two uncertainties (Ossenkopf & Henning 1994), can
induce uncertainties in NH2 and Td. The dust emissivity in-
dex (β) can also significantly influence the derived results.
If β increases or decreases by 50%, the resultant NH2 will
increase by 2% – 35%, or decrease by 10% – 35%, while
Td could have 5% – 18% decrease or 13% – 28% increase,
respectively (Yuan et al. 2017).
Additionally, we estimated the effects of the filtering
processes on the results of our SED fitting. For the sub-
structures Fb and Fc, the H2 column densities derived from
unfiltered maps increase by 30 – 50%, when comparing with
the values derived from the filtered maps. However, we found
background-filter has little effect on the derived H2 column
densities in sub-structure Fa.
From the NH2 map in Figure 2, we found that there are
dense clumps and fragments unevenly distributed along the
structures. Based on the overlaid contours on the tempera-
ture map in the right panel of Figure 2, we found that Fb
and Fc filamentary sub-structures presented relative lower
dust temperatures. The west part of Fb showing higher tem-
peratures seems to compress the ambient matters. While,
sub-structure Fa has higher dust temperatures, which may
be heated by the formed protostars.
Dewangan et al. (2017) have published the H2 column
density and dust temperature maps of the molecular cloud
S242. The H2 column density in G181 is about (0.6 – 1.5) ×
1022 cm−2, approximately 50% less than our fitting results
(1.0 – 4.0) × 1022 cm−2. The dust temperature distribution
of G181 derived by Dewangan et al. (2017) is about 9 K –
14 K, while our results is about 7 K – 16 K. Such difference
may be due to the fact that 850 µm flux is sensitive to cold
dust emission and can better constrain the SED than using
Herschel data alone.
Under the assumption of local thermal equilibrium
(LTE), we further derived the H2 column density maps us-
ing the 12CO(1-0) and 13CO(1-0) spectral lines from PMO
through the equations (4) – (13) in Qian et al. (2012). As pre-
sented in Figure A1, the CO excitation temperatures range
8 https://docs.spipy.org/doc/scipy/reference/generated/scipy.
optimize.curve fit.html
from 8 K to 14 K. The 13CO column density is distributed
in the range of 0.6 – 1.4 × 1016 cm−2. Using an abundance
ratio of 13CO and H2 ([
13CO]/[H2]) of 1.7 × 10−6 (Frerking
et al. 1982), the derived H2 column density ranges between
1.0 – 2.4 × 1022 cm−2, which is a factor of 1.5 higher than
the NH2 range from Dewangan et al. (2017) (0.6 – 1.5 × 1022
cm−2). This further confirms that the H2 column density de-
rived by SED fitting using only the Herschel data (160-500
µm) may be underestimated.
3.2 Dense cores
3.2.1 Identification of compact sources
We have used the FellWalker9 (Berry 2015) source-
extraction algorithm to identify compact sources from the
850 µm continuum image. We follow the source-extraction
processes used by the JCMT Plane Survey and the detailed
descriptions are given in Moore et al. (2015) and Eden et al.
(2017).
We set a detection threshold of 3σ and constructed a
mask in the signal-to-noise map. The extracted sources were
required to consist of at least 7 continuous pixels. A total
of 13 compact sources have been extracted, named as G01-
G13. Table 1 lists the coordinates, size, peak flux density
and integrated flux density at 850 µm. The identified com-
pact sources are shown as magenta ellipses in the upper right
panel of Figure 1. We manually rejected sources not asso-
ciated with the filamentary structures of G181. Finally, a
total of nine compact sources, G01-G09, were included in
our further analysis.
3.2.2 The properties of compact sources
For each core, we calculated the flux in a convolved size at
Herschel (160-500 µm) and SCUBA-2 (850 µm) bands. The
uncertainties of the flux values are estimated from the back-
ground noise of different wavelength images. We derived the
dust temperature (Td), column density (NH2), volume den-
sity (nH2), core masses (Mc) based on the modified black-
body model (Equation 2, 3, 4). The effective radius is defined
as Re f f =
√
ab, where a and b are the core semi-major/minor
axes. The volume number density (nH2) and column density
(NH2) are derived as n × ( 43piR3e f f µmH ) = N × (piR2e f f µmH ) =
Mc , where µ=2.8 is the mean molecular weight per H and
mH is the atomic hydrogen mass. The fitted results are pre-
sented in Figure 3. For sources with 70 µm fluxes obviously
deviate from the SED fitting, we exclude these data points
in our fitting.
As shown in the lower right panel of Figure 1, we com-
posed a three-color image with the 850 µm, 250 µm, 70 µm
band images, respectively displayed as red, green, blue col-
ors. Because the 70 µm emission is dominated by the ultra-
violet (UV) heated warm dust, it can trace very well the
internal luminosity of a protostar (Dunham et al. 2008).
9 FellWalker is included the Starlink software package CU-
PID(Berry et al. 2007). FellWalker algorithm extracts compact
sources by following the steepest gradients to reach a significant
summit.
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Table 1. The extracted compact sources from SCUBA-2 map in PGCC G181.84
Source Name RApeak DECpeak RAcen DECcen σma j σmin PA Sint Speak
(hh:mm:ss) (dd:mm:ss) (hh:mm:ss) (dd:mm:ss) (arcsec) (arcsec) (degree) (Jy) (mJy/beam)
G01 5:51:31.2 27:28:54.48 5:51:31.20 27:29:00.19 13.3 14.7 296.6 1.6(0.25) 360.9
G02 5:51:31.5 27:28:26.4 5:51:30.46 27:28:18.6 13.3 10.9 253.4 0.46(0.15) 143.0
G03 5:51:14.7 27:29:50.64 5:51:13.1 27:30:00 27.1 20.3 302.2 1.24(0.19) 146.7
G04 5:51:24.29 27:24:22.68 5:51:24.09 27:24:42.68 6.8 18.8 347.6 0.47(0.12) 126.4
G05 5:51:25.5 27:27:18.36 5:51:24.2 27:27:18.0 12.1 8.9 240.6 0.15(0.04) 49.5
G06 5:51:23.09 27:29:02.40 5:51:23.7 27:29:09.8 14.7 9.2 243.6 0.21(0.04) 52.8
G07 5:51:08.4 27:30:07.2 5:51:08.30 27:30:10.25 6.4 11.6 347.7 0.16(0.05) 113
G08 5:51:23.09 27:25:54.48 5:51:22.76 +27:25:48.02 8.3 13 346.9 0.12(0.02) 55.8
G09 5:51:24.3 27:23:06.4 5:51:23.83 +27:22:57.06 10 18.3 180.6 0.37(0.04) 102.4
G10 5:51:49.56 27:31:50.52 5:51:49.37 +27:31:41.75 23.8 9.3 309.9 3.2(0.25) 618.5
G11 5:51:45.34 27:24:34.56 5:51:44.040 +27:24:32.78 14.7 8.4 272.05 0.18(0.03) 73.3
G12 5:51:36.62 27:29:18.6 5:51:36.85 +27:29:39.36 11.6 11.3 229.4 0.14(0.03) 49.4
G13 5:51:41.7 27:24:06.5 5:51:42.00 +27:24:14.06 8.7 8.3 305.5 0.1(0.03) 56.2
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Figure 3. The SED fitting for compact sources in G181 with Herschel (160-500 µm) and SCUBA-2 850 µm photometric, based on the
modified blackbody model.
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Table 2. Parameters of the compact sources
Source Name RA DEC Re f f Td NH2 nH2 Mc Luminosity
(hh:mm:ss) (dd:mm:ss) (pc) (K) (1022 cm−2) (105 cm−3) (M) (L)
G01 5:51:30.960 27:28:59.92 0.12 16(0.4) 1.6(0.2) 4.3 16(2) 31.6
G02 5:51:30.542 27:28:19.81 0.1 13(0.4) 1.9(0.3) 6.1 14.5(2) 9
G03 5:51:13.826 27:29:57.55 0.2 10(0.2) 2.3(0.3) 3.7 64(6) 9
G04 5:51:24.091 27:24:43.96 0.1 9(0.2) 4.6(0.15) 15.7 30(4) 1.8
G05 5:51:24.233 27:27:17.80 0.09 9(0.3) 4.1(0.6) 15.0 23(3) 1.6
G06 5:51:23.748 27:29:09.53 0.1 10.2(0.3) 2.5(0.5) 8.0 17(2) 2.7
G07 5:51:08.30 27:30:10.25 0.07 15(0.7) 2.2(0.3) 9.7 8(2) 12
G08 5:51:22.76 +27:25:48.02 0.09 8.6(0.3) 2.6(0.4) 9.5 14(2) 0.8
G09 5:51:23.83 +27:22:57.06 0.1 10.2(0.3) 2.4(0.5) 6.7 22(3) 3.4
Table 3. The parameters of compact sources from spectral lines
Source Name Vlsr τ Excitation Temperature σN2H+ σHCO+ Massvir α
(km s−1) (K) (km s−1) (km s−1) (Msun)
G01 2.4(0.01) 2.12(0.61) 7.9(1.1) 0.408(0.016) 0.866(0.021) 14(1.2) 0.9(0.1)
G02 2.28(0.022) 1(1) 6.7(2.7) 0.402(0.027) 1.18(0.03) 11.3(1.6) 0.8(0.1)
G03 2.9(0.008) 3.83(0.96) 4.33(0.26) 0.236(0.008) 0.482(0.011) 7.8(0.53) 0.12(0.01)
G04 1.14(0.01) 4.7(1.1) 5.03(0.32) 0.243(0.01) 0.432(0.017) 4.1(0.34) 0.14(0.02)
G05 1.7(0.05) 2.3(1.7) 3.63(0.45) 0.52(0.066) 0.608(0.031) 17.0(4.3) 0.4(0.03)
G06 1.89(0.01) 2.3(1.2) 6.0(1.3) 0.255(0.012) 0.44(0.01) 3.6(0.4) 0.2(0.03)
G07 2.68(0.031) 3.6(1.4) 3.9(0.25) 0.453(0.04) 0.75(0.02) 10(2) 0.8(0.2)
From the three colour image of Figure 1 and the SED fit-
ting plots of Figure 3, we can see that only G01, G02, G07
and G09 have 70 µm emission, a signpost of protostellar ac-
tivity. There is no (or faint) 70 µm emission in the dense
cores G03, G04, G05, G06 and G08, thus these cores could
be prestellar candidates. Recent works have shown that in-
fall signatures have been found in some of the massive 70
µm quiet clumps and prestellar cores, which provide evi-
dence for embedded low/intermediate-mass star formation
activity (Traficante et al. 2017; Liu et al. 2018b; Contreras
et al. 2018)
3.2.3 Source characteristics from spectral-line data
We used the average intensity of the N2H
+ and HCO+(1-
0) lines in each core, and further fitted the emission using
PySpeckit (Ginsburg & Mirocha 2011). The dense core G09
was not covered by our line observations, and G08 was not
fitted due to the low S/N ratio of the N2H
+ emission. The
fitted spectra are shown in Figure A3 and A4. The line pa-
rameters for the N2H
+(1-0) model are based on the analysis
of Daniel et al. (2005) and Scho¨ier et al. (2005). The derived
parameters include the optical depth, excitation tempera-
ture, centroid velocity and velocity dispersion. A Guassian
model was used to fit the HCO+(1-0) line to derive the peak
intensity, centroid velocity and velocity dispersion. All these
derived parameters are listed in Table 3.
We found that the velocity dispersions derived from
HCO+(1-0) line are about 2 times larger than the values
from N2H
+(1-0). That may be due to the fact that the N2H
+
emission, a well-known dense gas tracer for the cold dense
cores, is closely associated with the densest parts of cores
(Caselli et al. 2002). Besides, N2H
+ can well trace the cen-
tral region with CO depletion (Bergin et al. 2002, 2001),
and less affected by star-formation activities, such as molec-
ular outflows (Womack et al. 1993). While HCO+ emission,
which is produced by the protonation of CO, is not abun-
dant at the core center and may be more optically thick
(di Francesco et al. 2007). Therefore, we used the velocity
dispersion derived from the N2H
+(1-0) line to compute the
virial mass of each core. The virial mass is computed with
the following Equation mentioned in MacLaren et al. (1988)
and Williams (1994).
Mvir = 3k
r × συ2
G
where G is the gravitational constant, r is the radius for each
core, and συ represents the line-of-sight velocity dispersion.
k=(5-2a)/(3-a) is a correction factor corresponding to the
density profile ρ ∝ r−a. Assuming that the dense cores are
gravitationally bound isothermal spheres, a density profile
of ρ ∼ r−2 (a=2). The above equation could be rewritten as:
Mvir = 126
(
r
pc
) (
∆VFWHM
km s−1
)2
M
Here ∆VFWHM is the FWHM of the N2H+ line along the line
of sight. The resultant virial mass for each core was listed
in Table 3. In addition, we derived the virial parameters
(α, Mvir/Mc) for each core. Most of our dense cores have
low virial parameters (α  2), which are consistent with
those observed in high-mass star forming regions (Kauff-
mann et al. 2013), suggesting rapid and violent collapse or
magnetic field support. However, it should be noted that
there could be a bias in the measurement of the kinetic en-
ergy during the initial phase of a collapsing cloud, when the
core still has a lot of diffuse and relatively low-dense ma-
terial (Traficante et al. 2018). The observed effective viral
parameter αe f f is less than αvir and we should be cautious
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Figure 4. The three-colors map composed through the W4 (22
µm), W3 (12 µm), W2 (4.6 µm), respectively shown as red, green,
blue color. The white contours display emission from 250 µm map,
ranging from 10% to 90% stepped by 15% of the peak value (1080
MJy sr−1). The blue squares are for Class I YSOs and cyan tri-
angles for the Class II YSOs.
in using the parameter α to represent the viral state of an
observed core. On the other hand, the dense core G01, G02
and G07 with 70 µm detection have α ∼ 1, which may be
due to an enhancement of the velocity dispersion in more
evolved cores, or due to stellar feedback. Our results suggest
that a gas core is strongly unstable during the initial phase
of collapse, and when a protostellar object is clearly visible,
the core tends to stabilize.
3.3 YSOs identification based on WISE near-IR
and mid-IR data
The near-IR and mid-IR emission in the molecular cloud is
originated from warm dust heated by embedded protostars.
Therefore, we could use the infrared emission to characterize
star formation activities. The high-sensitivity mid-infrared
images (Figure 4) from the WISE (Wright et al. 2010), in-
cluding 3.4, 4.6, 12 and 22 µm wavelengths, allow us to trace
the IR emission from YSOs. Note that, the WISE emission
is also contributed by other types of infrared sources besides
YSOs, such as foreground stars and extragalactic objects,
which can be seen in projection towards the observed clouds.
To investigate the nature of the identified WISE
sources, we employed the WISE color criteria listed in
Koenig & Leisawitz (2014). By using the uncertainty/signal-
to-noise/chi-square criteria in Koenig & Leisawitz (2014), we
selected the reliable point-source photometry in the ALL-
WISE catalog within the G181 structures. The resultant
catalog, including WISE and 2MASS near- and mid-infrared
colors and magnitudes, was used to identify YSOs. We also
removed objects matching the criteria as likely star-forming
galaxies (SFG), board-line AGNs, AGB stars and CBe stars.
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Figure 5. WISE color-color diagrams. YSOs located in regions
enclosed by blue dashed lines are classified as Class I (blue
squares) and Class II (cyan triangles). The black circle, orange
hexagons and magenta crosses represent Field stars, AGBs and
SFGs, respectively.
As shown in Figure 5. Class I YSOs (protostellar can-
didates) are the reddest objects, and are classified as such
if their colors match the following critieria (Koenig & Lei-
sawitz 2014):
W2 - W3 > 2.0
and
W1 - W2 > -0.42×(W2-W3) + 2.2
and
W1 - W2 > 0.46×(W2-W3) - 0.9
and
W2 - W3 < 4.5.
Class II YSOs (candidates of T Tauri stars and Herbig
AeBe stars) are classified from the remaining pool of objects,
if their colors match all the following criteria (Koenig &
Leisawitz 2014):
W1 - W2 > 0.25
and
W1 - W2 < 0.9 × (W2 - W3) - 0.25
and
W1 - W2 > -1.5 ×(W2 - W3) + 2.1
and
W1 - W2 > 0.46 ×(W2 - W3) - 0.9
and
W2 - W3 < 4.5
In addition, two more Class II YSOs candidates with no
photometric data in WISE band 3, are identified using the
photometric data in WISE bands 1, 2 and 2MASS data in
the H and Ks bands, based on the additional criteria listed in
Koenig & Leisawitz (2014). In this way, we have identified
15 (4 Class I and 11 Class II ) YSOs in PGCC G181. As
shown in Figure 6, all the YSOs are distributed along the
filamentary structures. Five Class II YSOs are located in
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Figure 6. The background is the 250 µm continuum emission
map. White contours display intensities of 250 µm continuum,
ranging from 10% to 90% stepped by the 15% of the peak value
(1080 MJy sr−1). Blue squares, cyan triangles and magenta el-
lipses respectively stand for Class I YSOs, Class II YSOs and
SCUBA-2 compact sources. Three red triangles represent the
Class II YSOs only identified using the method in Dewangan et
al. (2017). The six labeled YSOs are fitted by the R17 model (see
section 3.4 for details).
the Fa sub-structure, and 4 Class I YSOs lie along the sub-
structures Fb and Fc.
The previous works of Dewangan et al. (2017) have
identified 13 Class II and 2 Class I YSOs in the G181 re-
gion using the color-color criteria based on the 2MASS and
GLIMPSE360 point-source data (Whitney et al. 2011). For
comparision, we plot their classification diagram and the
distribution of their YSOs in Figure A2. We find that our
method based on the WISE colors can classified most of
these YSOs consistently, except for 3 Class II YSOs which
may be due to the lower resolution and sensitivity of the
WISE data comparing with the GLIMPSE360 photomet-
ric data. However, three new YSOs (J055105.81(Class I),
J055108.32(Class I) and J055123.81) are found with our
WISE color criteria. This could be due to the fact that these
YSOs, especially the Class I objects, are deeply embedded
in dusty envelops, and hence our classification criteria us-
ing the WISE data (with longer wavelength) have a better
chance to discover them. If the three extra Class II YSOs
identified by Dewangan et al. (2017) are included, we obtain
a sample of 18 YSOs in G181. As presented in Figure 6, we
find that Class I YSOs J055108.32 and J055124.27 are as-
sociated with the dense cores G07 and G09, which further
confirms that these two cores are in the evolution stage of
forming protostars.
3.4 The parameters for YSOs
3.4.1 Models
Robitaille (2017), hereafter R17, presented an improved set
of SED models for YSOs. In the R17 models, the coverage of
parameter space is more uniform and wider than the model
of Robitaille et al. (2006), and highly model-dependent pa-
rameters have been excluded. Moreover, the improved mod-
els are more suited to modeling far-infrared and sub-mm flux
intensities of the forming stars. The models are split into
18 different sets with increasing complexity. The model sets
span a wide range of evolutionary stages, from the youngest
deeply embedded protostars to pre-main-sequence stars with
little or no disks.
3.4.2 Input data and SED fits
We constructed photometric SEDs for the identified YSOs
using wavelengths ranging from 1.25 to 160 µm. Searching
within 3′′ of the YSO positions in G181, we retrieved the
J, H and Ks band fluxes from the 2MASS All-Sky Point
Source Catalog (PSC) (Skrutskie et al. 2006), the fluxes of
IRAC bands 1 and 2 (3.6 µm and 4.5 µm) in the Spitzer
GLIMPSE360 catalogue, and the mid-infrared bolometric
fluxes from WISE (W3 and W4 bands) in the ALLWISE
Source catalog and PACS Point Source Catalogue in Her-
schel. In order to yield reliable results, the SED model fit-
ting requires to have data at λ > 12 µm. For this reason,
we carried out SED fitting only for sources that have data
available in the Herschel PACS PSC. Such sub-sample con-
tains six sources out of the 18 identified YSOs in G181. The
selected sources have been noted by source names in Figure
6, which are distributed around the entire structures.
The distance was fixed to be 1.76±0.04 kpc, and Av
range was from 0 to 40 mag. The extinction law was the
same as that used in Forbrich et al. (2010). The errors of
the photometry data were adopted from the original source
catalog. We select all SEDs fitting that satisfy χ2 - χ2
best
<
3ndata as the reasonable results, where χ2best is the χ
2 of
the best model for each model set, ndata is the number of
data points. For each source, the resultant model set is cor-
responding to the fitted SED having the lowest χ2
best
value.
Figure 7 shows the resultant model sets for the 6 fitted YSOs
in G181.
3.4.3 Fit parameters
The fitted parameters for YSOs using the best-fitted SED
model sets are listed in Table A1. We estimated the mean
values of AV , Te f f , and stellar radius R? from all the fits
satisfying the χ2 cut in the chosen model sets. Then we used
the Stefan-Boltzmann law, assuming a solar Te f f of 5772 K,
to estimate the stellar luminosity L? using the model fitted
values of Te f f and R?. Based on both the stellar L? and
Te f f , we further estimated the stellar mass for each YSO
using the pre-main sequence (PMS) tracks. The PMS tracks
are for stars with metallicity of Z=0.02, its mass range is
from 1.0 M to 60 M (Bernasconi 1996).
We roughly derived the mass for the YSOs by the
least separation of each source away from the stellar track
of the corresponding mass in the log10(L?) - log10(Te f f )
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Figure 7. SED fits for 6 YSOs in G181.84 with available photometric data up to 160 µm, performed by the SED fitting tool using
different YSO SED models in R17. The best fit is shown using solid black line and grey lines show all other fits that satisfy the criteria:χ2
- χ2
best
< 3ndata .
space. Figure 8 shows the stellar tracks and locations of
6 YSOs in the log10(L?) vs. log10(Te f f ) diagram. The
masses of the 6 YSOs are in the range of 1 – 5 M.
Combining with Figure 6, we find that the young YSOs
(Class I) are mainly located in the sub-structures Fb and
Fc, and most of the evolved YSOs (Class II) are around
Fa sub-structure. Furthermore, J055105.81+273219.0(1),
J055108.32+273011.1(2) and J055110.28+273154.2(5) in the
Fb sub-structures, and J055124.27+272301.5(4) in the Fc
sub-structure are located in evolutionary stages in the PMS
tracks earlier than the YSOs J055124.92+272933.9(3) and
J055129.04+272816.8(6) around the Fa sub-structure. This
is a good evidence for the sequential star formation in the
filamentary structure of G181.
3.5 Dynamical structures
3.5.1 The integrated intensity of HCO+ and N2H
+ spectral
lines
The low-J HCO+ lines are sensitive to the gas with densi-
ties of the order of 105-106 cm−3, which could be excellent
tracers of the velocity field of molecular clouds (Qi et al.
2003). In addition, N2H
+(1-0) line, having a critical density
of ncrit= 1.4× 105 cm−3 at 10 K, can trace the cold dense
cores well (Caselli et al. 2002). However, taking the radia-
tive trapping into account, the effective critical density of
N2H
+(1-0) is pushed down to ncrit ∼ 1.0× 104 cm−3 at 10
K (Shirley 2015). The FWHM beam size of the Nobeyama
45-m telescope is about 18′′ at 90 GHz. Such resolution is
high enough to resolve the filaments with a typical width of
0.1 pc (Arzoumanian et al. 2011) at a distance of ∼ 1.76 kpc.
From Figure 9, it is clear that the distributions of
HCO+(1-0) and N2H
+(1-0) integrated intensities are anasto-
motic to that of the dust very well. Dense cores and YSOs are
mainly located on the region with higher column density and
stronger HCO+ (1-0) and N2H
+ (1-0) emission. We found
that HCO+(1-0) line reveals more extended structures, while
the N2H
+(1-0) line highlights the dense cores.
3.5.2 Channel Maps of HCO+(1-0) molecular lines
In Figure 10, we present the channel maps of the HCO+(1-0)
emission. The channel increment is 0.2 km s−1 in the range
of 0.6 – 3.9 km s−1. The HCO+(1-0) emission reveals relative
extended structure, in particular for the velocity range from
1.7 to 2.4 km s−1, which harbours the crowded YSOs and
cores G01, G02, G06. In the blue-shifted velocity range (0.6
1.5) km s−1, the emission mainly distributed along the south-
ern sub-filaments Fc. The dense cores G04, G05 and G08 are
associated with this component. As velocity increases from
2.4 km s−1 to 3.9 km s−1, the locations of strong emission re-
gions have an overall trend of moving from Fa sub-structure
to Fb sub-structure. Fb sub-structure is mainly in the red
end of the velocity range and contains G03 and 5 YSOs.
The Fa sub-structure shows HCO+(1-0) emission spanning
from 1.5 to 3.9 km s−1. It is obvious that the molecular gas
is distributed velocity-coherently from the south-east to the
north-west.
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Figure 8. log10 (L?) vs. log10 (Te f f ) diagram display the
location of YSOs (cross symbols) and the pre-main sequence
(PMS) stellar tracks from Bernasconi & Maeder(1996) for dif-
ferent masses in blue. The errors in Te f f and L? are also shown.
3.5.3 The centroid velocity and velocity width of HCO+ line
Figure 11 shows the distribution of the line of sight cen-
troid velocity and FWHM line-width of the HCO+(1-0) line.
We limited our view to regions with Tmb larger than ∼ 6σ
(1.2 K). The value range of the VLSR map is between 0.5
and 3.6 km s−1. It’s clear that the dense gas velocity in the
Fb sub-structure is mainly red-shifted, and vary smoothly
along the sub-filaments, while the Fc sub-structure becomes
blue-shifted. In the right panel, the FWHM velocity-width
distributes between 0.5 and 2.2 km s−1. We also found an
notable increasing velocity width (FWHM) towards the Fa
sub-structure, peaking at ∼ 2.15 km s−1. The mean velocity
width for Fa, Fb and Fc are 0.98±0.4, 0.69±0.2 and 0.38±0.17
km s−1, respectively. This indicates that there are increas-
ing star formation activities in Fc, Fb and Fa sub-structures,
which inject more energy to perturb the neighbouring gas.
The non-thermal velocity dispersion is derived from the
observed line-width using the following equation (Myers &
Benson 1983)
(σNT )2 = (σobs)2 − (σT )2 (5)
σNT =
√
∆v2
obs
8ln(2) −
kBTkin
mobs
(6)
where σNT , σobs, and σT are the non-thermal, observed,
and thermal velocity dispersion, ∆vobs represents the ob-
served line-width (the FWHM velocity-width of HCO+ fitted
by the Guassian model), kB is the Boltzmann constant and
Tkin is the kinetic temperature of the gas. The mobs means
the mass of the observed molecule (29 a.m.u for HCO+).
According to the dust temperature map in Figure 2, we
assume a gas kinematic temperature of 13±2K for Fa and
10±1 K for Fb and Fc. The thermal dispersion of the gas is
corresponding to 0.04±0.003 km s−1 (Fa) and 0.035±0.002
(Fb and Fc). The derived non-thermal velocity dispersion
is ∼ 0.414 km s−1 (Fa), 0.29 km s−1 (Fb) and 0.157 km s−1
(Fc), respectively. The corresponding mean σNT /σT value
is 10±0.3 (Fa), 8.3±0.5 (Fb) and 4.5±0.3 (Fc). The Mach
number, defined as the ratio between the non-thermal ve-
locity dispersion and the sound speed, is about 1.9 for Fa,
1.5 for Fb and 0.8 for Fc, respectively. This indicates that
the sub-structures Fa and Fb are mildly supersonic, while
Fc is subsonic. Konstandin et al. (2016) had studied the tur-
bulent flows with Mach numbers ranging from subsonic (M
≈ 0.5) to highly supersonic (M ≈ 16). They confirmed the
relation between the density variance and the Mach num-
ber in molecular clouds. Such relation implies that molecu-
lar clouds with higher Mach numbers present more extreme
density fluctuations (Konstandin et al. 2016). This is consis-
tent with the density enhancements in Fa, Fb and Fc sub-
structures. However, the large Mach numbers, especially in
Fa sub-structures, may also due to feedback from star for-
mation activities.
It should be noted that the HCO+ line is usually not op-
tically thin, and consequently, its line widths can be broad-
ened due to opacity (Sanhueza et al. 2012). In addition,
HCO+ line has usually been used to evaluate the infall
properties of a given star-forming region with blue-skewed
line profiles (Sanhueza et al. 2012; Rygl et al. 2013; Yoo
et al. 2018). As mentioned in section 3, N2H
+ is thought
to be a better high-density tracer, and less affected by star-
formation activities. We have derived the velocity dispersion
and centroid velocity of the N2H
+ and HCO+ lines for our
sample of dense cores, as presented in Figure A3 and A4. The
method used to fit the hyperfine structure of N2H
+ has taken
the opacity effects into account. We revealed that there is a
decreasing trend of velocity dispersion traced by N2H
+ from
dense core G01 and G02 in sub-structure Fa, G03 and G07
in sub-structure Fb, to G04 and G06 in sub-structure Fc.
That further confirms the validation of velocity dispersion
gradient from HCO+ line. Due to the low S/N of N2H
+ emis-
sion in dense core G05, its fitted velocity dispersion was not
taken into account.
In addition, we found that the centroid velocities in
dense cores derived from the N2H
+(1-0) line are generally
consistent with those derived from the HCO+(1-0) line, ex-
cept for G01, G02 and G03 with velocity offsets of 0.2 –
0.6 km s−1. This may be due to that HCO+ traces mo-
tions of less dense gas compared with N2H
+, because N2H
+
tends to be more centrally distributed. We also compared
the spectra of the HCO+(1-0) with the H13CO+(1-0) lines
for cores G01, G02 and G03. The centroid velocity traced
by the two lines are consistent in G01, while H13CO+ J=1-0
profile in G02 shows double peaks and the centroid velocity
of N2H
+ matches that of the blue-shifted peak. Since the
critical densities of N2H
+ and H13CO+ are similar, as listed
in the Table 1 of Shirley (2015), the difference between N2H
+
and H13CO+ peak velocities in the G01, G02 and G03 cores
may reflect the different spatial distributions of these two
molecules.
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Figure 9. The gray-scale image represents the distribution of the integrated intensity between the velocity range (-15 8) km/s for
HCO+(1-0) (Left) and N2H
+(1-0) (Right) line. Black contours range from 10% to 90 % stepped by the 10 % of the peak integrated
intensity (13 K km s−1 for HCO+(1-0) and 12 K km s−1 for N2H+(1-0)). The green contours means the H2 column density map obtained
from the SED fitting based on the graybody radiation mode, ranging from 10% to 90% stepped by the 10% of the peak value (4 × 1022
cm−2). The red star represents the source IRAS 05483+2728. The blue squares, cyan and red (Spitzer) triangles and magenta ellipses
represent Class I YSOs, Class II YSOs and SCUBA-2 compact sources, respectively. The white circle in the left corner shows the beam
size for Nobeyama 45-m telescope at 90 GHz.
4 DISCUSSION
4.1 Hierarchical Network of Filaments in 350 µm
Continuum Emission
We used the FilFinder10 algorithm based on the techniques
of mathematical morphology (Koch & Rosolowsky 2015) to
detect filamentary structures in the 350 µm map. Compar-
ing to other algorithms, FilFinder can not only identify the
bright filaments, but also reliably extract a population of
fainter striations (Koch & Rosolowsky 2015). The main pro-
cess of the FilFinder algorithm includes the following steps.
(1), the image was fitted a log-normal distribution and flat-
tened using an arctangent transform, (2), the flattened data
are smoothed using a Guassian filter (0.05 pc for FWHM,
half of the typical width of a filament (Arzoumanian et al.
2011)), (3), a mask of the filamentary structure was cre-
ated in the smoothed image using an adaptive threshold,
(4), the filamentary structures were detected in the local
brightness thresholds within the mask. The parameters of
the thresholds are listed in the Appendix. In Figure 12, we
plot the skeletons of the sub-filaments, color-coded with the
centroid velocities of the HCO+(1-0) line. We found that
the skeletons of sub-filaments for the Fb and Fc merged at
the Fa sub-structure. In addition, combining the left panel
in Figure 11 with Figure 12, it is clear that the southern
sub-structure (Fc) is blue-shifted (0.5 - 2.5 km s−1), and
10 https://github.com/e-koch/FilFinder
the northern sub-structure (Fb) is red-shifted (2.5 - 3.5 km
s−1). The Fb and Fc sub-structures present clear velocity
gradients. The SCUBA-2 dense cores are mainly distributed
along the skeletons.
4.2 The velocity gradients along sub-filaments
In Figure 13, we present the centroid-velocity profiles of the
sub-filamentary skeletons Fb and Fc. The merging point of
Fb and Fc skeletons in the Fa sub-structure is defined as the
zero point at x-axis. The x-axis value (Figure 13) of a pixel
on the skeleton represents its distance from the zero point
integrated along the spine lines (Figure 12). It is evident that
the sub-filaments Fb and Fc exhibit both global and local
velocity gradients. For the Fb sub-filament, the global veloc-
ity gradients are about 0.8±0.05 km s−1 pc−1 from 0.5 pc to
2.5 pc of x-axis value, and the local velocity gradients near
the Fa sub-structure are up to 1.2±0.1 km s−1 pc−1 from 0.0
pc to 0.5 pc in skeleton length. The Fc sub-filament shows
velocity gradients of ∼ 1.0±0.05 km s−1 within a range of
0.0 pc – 1.7 pc in x-axis, and 1.3±0.1 km s−1 pc−1 in the
range of 0.0 pc to 0.6 pc. It is evident that the local veloc-
ity gradients around sub-structure Fa, including G01, G02
and 7 YSOs, are larger than the global velocity gradients
along the sub-filaments Fb and Fc. In addition, we also find
that the dense cores G01, G02 appear to locate near the
maxima of velocity profiles along the sub-filaments. While
there is almost a quarter phase shift between the densities
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Figure 10. Channel maps of the HCO+(1-0) line, the contour levels are from the 3σ ( ∼ 0.2 K×km s−1) to the peak value by the interval
of 1σ. The blue squares represent Class I YSOs, cyan and red (Spitzer) triangles stand for the Class II YSOs and magenta ellipses for
the SCUBA-2 compact sources.
(i.e., dense cores G03, G05, G04, G06, G08) and velocities.
This suggests that the continuum peaks have an influence
on the dynamics of the surrounding gas (Hacar & Tafalla
2011; Yuan et al. 2018; Liu et al. 2016b).
As shown in Figure 1, G181 is located on the northern
end of the extended filamentary structure (EFS) S242. For
the longer filaments with the aspect ratio, Ao & 5.0, global
collapse would be end-dominated, the materials are pref-
erentially accelerated into the both ends. The end-clumps
were given more momentum, and further approach to the
center of filaments in an asymptotic inward speed, sweep-
ing up gas mass as they approach (Pon et al. 2011, 2012).
Moreover, Clarke & Whitworth (2015) also investigated the
end-dominated collapse in filaments, and suggested that due
to gravitational attraction of the end-clumps, the gas ahead
of end-clumps, was immediately accelerated towards end-
clumps. Dewangan et al. (2017) concluded that observed re-
sults of massive clumps and the clusters of YSOs toward
both ends of EFS S242, were consistent with the prediction
of the end-dominated collapse model. The global velocity
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Figure 11. Left: The velocity field of G181 structures. Right: The velocity width distribution map for G181. Both are obtained from
Guassian fitting of the HCO+(1-0) line. The squares represent Class I YSOs, triangles stand for the Class II YSOs and magenta ellipses
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Figure 12. The skeletons of the filament network extracted with
the FilFinder, color-coded with the centroid velocities of the
HCO+(1-0) spectral line. Magenta ellipses represent the SCUBA-
2 compact sources. Green contours show the distribution of the
HCO+ integrated intensity, levels are from 10% to 90% by the
interval of 15% of the peak value (13 K km s−1).
gradients along Fb and Fc in the northern end of EFS S242
may be caused by the gas motion in the end-dominated col-
lapse.
4.3 Gravitational fragmentation of sub-filaments
As shown in Figure 12, G181 contains sub-filaments with
9 dense cores embedding in them. To investigate the frag-
mentation of sub-filaments and hence the formation of
dense cores, we compare the sub-structures of G181 to the
model of a collapsing isothermal cylinder, supported by ei-
ther thermal or non-thermal motions. Andre´ et al. (2013)
has suggested that thermally supercritical filaments, where
the mass per unit length is greater than the critical value
(Mline,crit ; i.e., Mline > Mline,crit), are associated with pre-
stellar clumps/cores and star formation activities. However,
there are few Herschel pre-stellar clumps/cores and embed-
ded protostars associated with thermally subcritical fila-
ments (Mline < Mline,crit).
For thermal support, the critical mass per unit length
(Mline,crit = 2c
2
s/G; where cs is the isothermal sound speed,
G is the gravitationally constant) is needed for a filament
to be gravitationally unstable to radial contraction and
fragmentation along its length (Inutsuka & Miyama 1997).
The thermal critical line mass Mline,crit is ∼ 16 M pc−1×
(Tgas/10 K) for gas filaments (Andre´ et al. 2014). The fila-
mentary structures of G181 have an observed mass per unit
length of ∼ 200 M pc−1 (Dewangan et al. 2017). The ob-
served value largely exceeds the critical value of ∼ 16-48 M
pc−1 (at T = 10-30 K).
Taking into account additional supports from turbulent
pressure, the total 1D velocity dispersion is calculated with
the following equation (Fuller & Myers 1992)
σTOT =
√
∆v2
obs
8ln(2) + kBTkin
(
1
µmH
− 1
mobs
)
(7)
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Figure 13. The centroid velocity of HCO+(1-0) emission dis-
tributed along the skeletons of the filament network extracted
by FilFinder. The zero point at x-axis is the merging point for
the northern sub-structure (Fb) and southern sub-structure (Fc).
The x-axis increasing direction is from the merging point at Fa
sub-structure respectively along sub-skeletons to the northern and
southern end. The shaded area along lines represent the error lim-
its for the fitted centroid velocity. The magenta boxes respectively
show the dense cores, and the widths of the boxes represent the
spatial distribution of dense cores along the filaments, the box
heights represent the range of average centroid velocity for dense
cores fitted by HCO+(1-0) and N2H
+(1-0) lines, as shown in the
Figure A3 and A4.
where mH is the mass of a Hydrogen atom, and µ = 2.33
is the atomic weight of the mean molecule. According to
the observed linewidth and dust temperatures mentioned in
section 3.5.2, we calculated the 1D velocity dispersions of
σTOT , which are ∼ 0.47±0.07, 0.35±0.05 and 0.25±0.07 km
s−1, respectively for Fa, Fb and Fc. The uncertainties are
estimated based on a ∼ 15% error in the temperature and
a ∼ 20% error in the observed line-width. We calculated
the critical line mass supported by both thermal and non-
thermal contribution using (Fiege & Pudritz 2000)
(M/L)crit =
2σ2
TOT
G
(8)
The derived critical line masses supported by the thermal
and non-thermal pressure are 101±15 M pc−1 (Fa), 56± 8
M pc−1 (Fb) and 28± 4 M pc−1 (Fc), respectively. The
observed masses per unit length (∼ 200 M pc−1) are still a
factor of 2-7 times larger than the critical values. Therefore,
the dense cores in G181 might be formed through cylindrical
fragmentation.
4.4 Sequential star formation
In section 3, based on the evolutionary states of dense cores
and YSOs, we find that dense cores and YSOs around the
Fa structure (2 protostars and 7 Class II YSOs) are at rel-
atively later stages of evolution than those in the Fb (2
pre-stellar candidates, 3 Class I YSOs, 5 Class II YSOs)
and Fc (3 pre-stellar candidates, 1 Class I YSOs, 2 Class
II YSOs) sub-structures, which provide evidence for sequen-
tial star formation in the structures of PGCC G181. We also
found inhomogenous distribution of the physical properties
in Fa, Fb and Fc sub-structures of G181, including the H2
column density, dust temperature and velocity dispersion.
Heitsch et al. (2008) studied numerically the formation of
molecular clouds in large-scale colliding flows including self-
gravity. Their model emphasized that large-scale filaments
were mostly driven by global gravity, and local collapses were
triggered by a combination of strong thermal and dynamical
instabilities, which further caused cores to form.
Pon et al. (2011, 2012) pointed out that the global col-
lapse timescale of molecular clouds were decreasing outward
in the edges. That leads to material preferentially acceler-
ating onto the edges. Such a density enhancement occurs
in the periphery of a cloud, it can further trigger local col-
lapse to form stars. In addition, edge-driven collapse mode
is mainly dominant in filaments with aspect ratios larger
than 5. These filaments are also easier to induce local col-
lapse by small perturbations (Pon et al. 2012). As pointed
out by Dewangan et al. (2017), the extended filamentary
structure (EFS) S242 may be a good example for the end-
dominated collapse. We also find sequential star formation
activities in the northern end of S242. The dense cores and
YSOs in Fb and Fc sub-structures are in younger evolution-
ary stages than those in Fa sub-structure (2 protostars and
7 Class II YSOs), and the star formation activities in Fb,
including 2 pre-stellar candidates, 3 Class I YSOs, 5 Class II
YSOs are more active than Fc sub-structures (3 pre-stellar
candidates, 1 Class I YSOs, 2 Class II YSOs). Therefore,
we suggest that the star formation activities in Fa, Fb and
Fc are progressively taking places in a sequence, following
the order of the local density enhancements being built up
gradually in the Fa, Fb and Fc sub-structures. Such picture
is consistent with the scenario of the end-dominated collapse
model.
4 CONCLUSIONS
We have used the Herschel (70 – 500 µm), SCUBA-2 (850
µm), WISE (3.4, 4.6, 12 and 22 µm) continuum maps and
HCO+(1-0), N2H
+(1-0) line data to study the star formation
in the filamentary structures of PGCC G181, which is sited
at the northern end of the extended filamentary structures
S242. The main results are as follows:
1. We obtained an H2 column density map (1.0, 4.0) ×
1022 cm−2 and a dust temperature map (8, 16) K from SED
fitting of Herschel (160-500 µm) and SCUBA-2 850 µm data,
based on the graybody radiation model.
2. Nine compact sources have been identified from the
SCUBA-2 850 µm map, including 4 protostellar and 5
pre-stellar candidates. Their physical parameters, including
equivalent radius, dust temperature, column density, vol-
umn density, luminosity and mass are derived with SED
fitting. The characteristics of the velocity dispersion, excita-
tion temperature and optical depth are estimated by fitting
the N2H
+(1-0) spectral line. In addition, 18 YSOs, including
4 Class I YSOs and 14 Class II YSOs, are found in the G181
region based on the near- and mid-infrared colors obtained
from the WISE, Spitzer and 2MASS catalogs.
3. We report observations of the HCO+(1-0) and
N2H
+(1-0) spectral lines toward G181. We find that the
distribution of the HCO+(1-0) integrated intensities is well
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anastomotic to that of the dust emission, while the N2H
+(1-
0) emission is concentrated near the dense cores. The dense
cores and YSOs are mainly distributed along the filamen-
tary structures of G181, and located in regions with higher
column densities and stronger HCO+(1-0) and N2H
+(1-0)
emission.
4. We find an notable increasing velocity dispersion to-
wards the Fa sub-structures. The sub-structures Fa and Fb
are mildly supersonic, while the Fc sub-structure is subsonic.
In addition, we also detected velocity gradients of 0.8±0.05
km s−1 pc−1 for Fb and 1.0±0.05 km s−1 pc−1 for the Fc
sub-filament, while the value for the Fa sub-structure is up
to 1.2 km s−1 pc−1. The global velocity gradients along the
sub-structures Fb and Fc may be caused by the gas motion
in the end-dominated collapse of filaments.
5. We derive the critical mass per unit length for each
sub-filaments in both thermal and non-thermal support
cases. The values are 101 ± 15 M pc−1 (Fa), 56 ± 8 M pc−1
(Fb) and 28 ± 4 M pc−1 (Fc), respectively. The observed
masses per unit length (∼ 200 M pc−1) are a factor of 2-
7 times larger than the critical value of each sub-filament,
suggesting that the dense cores in G181 might be formed
through cylindrical fragmentation.
6. We find evidence for sequential star formation in the
filamentary structures of G181. The dense cores and YSOs
located in the sub-structures Fb and Fc are younger than
those in the Fa sub-structure. In addition, the star formation
activities are gradually progressive in the Fa, Fb, Fc sub-
structures, which are consistent with the materials being
accelerated into the ends and then further inward the center
of the filament S242 in an end-dominated collapse.
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APPENDIX A: THE CRITICAL PARAMETERS
OF THE THRESHOLDS IN FILFINDER
verbose=True,
smooth size=0.05*u.pc,
size thresh=2000*u.arcsec2,
glob thresh=50,
fill hole size=0.3*u.pc2,
border masking=False
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Figure A1. Upper panel: Excitation temperature map, black
contours represent the 13CO column density, levels are from 20%
to 90% by the interval of 10% of the peak value of 1.4 × 1016 cm−2.
Lower panel: 13CO column density map. The overlaid black con-
tours represent the H2 column density derived by the SED fitting,
levels are from 10% to 90% by the interval of 10% of the peak
value (4.0 × 1022 cm−2).
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Figure A2. Left plane: The YSOs were identified by the 2MASS and GLIMPSE360 photometric data from 1 to 5 µm by the dereddened
color-color space ([K-[3.6]]0 and [[3.6]-[4.5]]0). The detailed process was presented in (Dewangan et al. 2017; Gutermuth et al. 2009).
Right plane: The distribution of the YSOs identified by the 2MASS and GLIMPSE360 photometric data in the 250 µm continuum
map. The blue squares represent Class I YSOs, cyan triangles stand for Class II YSOs.
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Table A1. The fitted parameters for YSOs using the best-fitted SED model set.
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Figure A3. HCO+(1-0) line profile for G01-G08 dense cores in G181. The blue-vertical lines represent the corresponding velocity fitted
by the hyperfine structure of the N2H
+(1-0) line. The magenta profiles in G01-G03 are the H13CO+(1-0) line. The green profile in G02
is the highest-frequency component of the N2H
+(1-0) line.
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Figure A4. N2H
+(1-0) line profiles for G01-G07 dense cores in G181.
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